Crystals of self complemntary DNA hexamers d(CACGTG), d(CCGCGG) and d(GGCGCC) were grown by vapour diffusion technique and studied by microRaman and microIR spectroscoples. The oligonucleotides were studied In parallel In solution by vibrational spectroscopy. A B->Z transition was detected by Raman spectroscopy during the crystallization process for d(CACGTG). Vlbrational
INTRODUCTION
Fiber diffraction studles gave the first evidence of DNA polymorphim due to sequence and environmental conditlons. In the last few years single crystal X-ray structures have shown that DNA hellces are varlable even In the same conformational family and many molecular details are now known, but difficulties persist to obtain Information about some sequences due to the problem of crystallilzing them (for review see [1] [2] [3] . The results of X-ray crystal diffraction studles can be correlated with those obtained by other techniques and In particular by vibrational spectroscopy. A major advantage both of Raman and IR spectroscoples Is the possibillty to study oligo or polynucleotides under a wide variety of physical states : solutions, hydrated fils or fibers, crystals. Thus for example the Identity of the structures of the d(C-G). hexamer In the crystal and of hlgh salt poly d(G-C) In solution was obtained by Raman spectroscopy (4). Several Raman studies of crystal conformatlons have been already presented (5) (6) (7) (8) (9) . On the contrary microIR studies of crystallized oligonucleotides have not been published up to now. We report here results obtained by micro IR and micro Raman spectroscopies on three crystals d(CACGTG), d(GGCGCC) and d (CCGCGG) . In parallel these oligonucleotides have been studled In solution by vibrational spectroscopy. The crystallilzed oligonucleotide d(CACGTG) has been shown very rqcently by X-ray diffraction to adopt a Z geomtry (10 
RESULTS AND DISCUSSION d(:ACGTG)
In figure 1 are shown the Raman spectra of d(CACGTG) In solution (lb) and In crystal (la). The spectra are quite obviously very different reflecting two geometries for the oligonucleotide depending on Its physical state. In the crystal the structure has been shown by X-ray diffractlon studles to belong to the Z family (10). The Raman spectrum (la) contains the marker llnes both of AT and GC base pairs In a left-handed geometry, which we have previously characterized In the case of polynucleotides (13, 14) . We present In figure 2 (20) . The structural change under the crystallization process has been relatively frequently observed, either reflected by a B->Z transition or by a B->A transition. However thls Is not systematlcally the case as will be shown by the study of the followlng oligonucleotide.
polymers (poly d(A-C). poly d(G-T) and poly d(A-T)) but
The sequence d(GGCGCC) has been studied by microRaman spectroscopy. It has been reported that sequences with Initial purines and terminating pyrluldines will not go Into the Z form (7). Thus this sequence was expected to be a good candidate for a still rare geometry of crystallized oligonucleotides : B form. Figure 3 shows the Raman spectra of d(GGCGCC) crystallized In standard conditlons (3b) and In presence of Ac(Arg)2NHEt (3a). Both spectra are very similar and reflect a B form of the oligonucleotide : line at 835 cm-' due to the antisymmetrical phosphate stretching vibration In B geometry, strong marker line at 684 cm-' lnvolving the guanosine breathing motion In a C2'-endo/antl geometry, characterlstic profile in the 1200-1400 cm-' with positions and relative Intensities of the lines Identical to those previously published for B form d(C-G)n sequences (21).
d(CCGCGG) Figure 4 shows the IR spectra of d(CCGCGG) solutions In 0.4 and IM NaCl. They can be assigned using the marker IR bands of the different helices previously determined for poly d(G-C) (22) or d(CGCGGC) (23). The characteristic spectroscopic features of a B geometry are detected at low ionic strength and of a Z geometry at high ionic strength. The main spectral modifications observed under the B->Z transition of d(CCGCGG') are :(I) shift of a band located at 1420 cm-' assigned to a C21-endo deoxyribose vibration to 1410 cm-' reflecting a C3'-endo sugar pucker; (II) shift of the band located at 1372 cm-' assigned to a ring vibration of the guanine coupled to a deoxyribose motion via the glycosidic linkage to 1354 cm-', indicative of the Anjj->=yj reorientation of the purine nucleotides; (III) presence of a new strong band at 1320 cm-' assigned to a jM geometry of the guanosine residue; (IV) presence of a band at 1264 cm-' (shoulder on the strong phosphate band) also due to a guanosine vibration; (V) shift of the phosphate antisymmetric stretching vibration to 1213 cm-' ; (VI) drastic decrease of the relative intensity of the absorption located at 1086 cm-' assigned to the symmetric stretching vibration of the phosphate groups; (VII) enhancement of the relative intensities of the 1061 and 1020 cm-' bands; (VIII) presence of a band at 924 cm-' characteritic of left-handed helices and (IX) decrease of the relative intensity of the band at 895cm-' characteristic of right-handed helices.
The B->Z transition of this oligonucleotide can also be Induced In films by varling the water content of the sample. The figure 5 shows the IR absorption spectra of d(CCGCGG) films exposed to solutions of saturated salts in D20 corresponding to high (98%) and low (58%) relative humidities. The results obtained on films exposed to Ha0 satured salts are Identical to those obtained for solutions and the corresponding spectra will not be presented here. The decrease of RD induces in the 1750-1550 cm-' region shifts of the two bands located at 1681 and 1649 cm-' to lower wavenumbers (respectively 1666 and 1635 cm-') similarly to what had been previously observed for poly d(G-C) (12), characteristic of a B->Z transition for the sequence. In the low wavenumber region between 1000 and 750 cm-' a decrease of the relative Intensity of the 892 cm-' band and the emergence of a strong band at 927 cm-' reflect the B->Z transition induced by the decrease of the RD. All these modifications show that the d(CCGCGG) sequence is able the Raman spectra of the crystals obtained in presence of alaninamide (3c) and serinol (3d). The absence of a line around 625cm-1 characteristic of guanosines In a C3'-endo/ yn geometry and in contrast the existence of an intense line at 684 cm-' reflecting a C2'-endo/atij conformation of the purine nucleosides clearly shows that the structure does not belong to the left-handed Z form family. These spectra have mainly B form family characteristics ; however several points show that the structure which is studied does not belong to a classical B geometry. Thus we observe a decrease of the relative intensity of the phosphate line located at 835 cm-1 In B geometry, an enhancement of a line at 644 cm-' and a very intense doublet at 1245-1271 cm-'. These three lines have been assigned to cytosine vibrations (7,16) and their intensities increase when destacking of the bases occurs (24) . Such strong intensities of the 1245-1271 cmu' lines have been observed for a crystal of d(CpG) where base stacking should not be as important as in the case of longer oligonucleotides (7). The infrared spectrum of a d(CCGCGG) crystal with isopropilamine ( Figure  6 ) is different from the previously discussed B form spectrum recorded in solution or in films. Several absorptions involving the deoxyribose are affected. In particular we detect a strong band at 1065 cmu' ,an important enhancement of the deoxyribose contribution at 1010 cmu', a new band at 946 cm-' and a shift of the band located at 1420 cm-' to 1413 cm-' which wQuld indicate a C3'-endo pucker. A decrease of the 894 cm-' band relative intensity is also detected. The comparison of the crystal spectrum ( figure 6 ) and of the B and Z form solution spectra (figure 4) shows that the guanosines remain in an anti geometry (band at 1378 cmu', no bands at 1320 and 1264 cm-').
It may thus be proposed that the microRaman and microIR spectra of d(CCGCGG) crystals obtained in presence of these different cations reflect a modified B geometry, may be an intermediate step in the B->Z transition. Such an intermediate step in the case of d(C-G). sequences has been proposed after CD experiments. In ethanolic solutions, induction of the B->Z transition by increase of temperature allows to isolate an lntermediate form characterized by its particular CD spectrum (25). Similarly a B' form induced by increase of the ionic strength has been interpreted in terms of unfolding or premelting of the structure (26). Intermediates in the B->Z transition have also been detected by Raman spectroscopy. Spectra recorded at regular time intervals after addition of salt show the emergence of a Raman line around 640 cm-' prior to that of the characteristic Z form marker at 625 cm-' (21). The spectrum recorded In 1.5 M NaCI does not present the 625 cm-' line but clearly the existence of a line at 640 cm-' (27 
